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(54) Method for starting up reactor 

(57) in the reaction of catalytic gas phase oxidation 
induced by the suppty of at least a raw rwterial to be 
oxidized and a molecular oxyg^i-containing gas to a re- 
actor for catalytic gas phase oxidation, a method for 
starting up the reactor for catalytic gas phase oxidation 
is disclosed which is diaracterized by causing the raw 
mateiud and the molecular oxygen-containing gas to 
p^s a range in which the concentration of the raw ma- 



terial is less than the lower explosion limit of the raw 
material and the concentration of oxygen is not less than 
the limiting oxygen concentration, but excluding the oorv 
centratfon of the raw material of 0 vol.%. The method 
enables the reactor to be started up economically and 
safely by avoiding the explosion range induced by the 
composition of a raw material and a molecular oi^gen- 
containing gas supplwd to the reactor and decreasing 
the amount of a diluting gas to be supplied. 
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BACKGROUND OF THE I^A/ENTION 
s Field of the Invention: 

[0001] This invention relates to a method for starting up a reactor for the cataiytic gas phase oxidation to be induced 
by Itie supply of a raw materia! to be oxidized in combination with a molecular oxygen-oontalnlng gas, and more par- 
tfcularty to a method for starting up a reactor for the cataiytic gas phase oxidaticn, characterized by causing the raw 
10 material and the molecular oxygen-containing gas supplied to the reactor for the purpose of oxidation therein to pass 
a range in which the conoentration of the raw material lialls short of the concentration of the lower explosion limit of the 
raw nmteriai and the concentration of the oxygen is not less than the limiting o^gen concentration, excluding the 
concentration of the raw material of 0 vol. %. 

IS [Description of Related Art 

[0002] The (meth}acryOc add which is a g^eral-purpose monomer Is produced by the reaction of catalytic gas phase 
Qxidatbn of propylene, isobutylene, t-butand, methyi-t-butyl ether, acrolein, or methacroiein. Since thia production 
consists In the oxidation reaction, it necessitates supply of a moiecuiar oxygen-containing gas in comt>inat{on with the 

20 raw material gas. And the oxidation reaction is generally an exothermic reaction by nature, the readhdty of the raw 
material gas is largely varied by the property of the catafyst to be used, the concentration of the raw material gas and 
the molecular oxygen-oontalnlng gas, and the conditions for the removal of the heat of reaction. When a general- 
purpose monomer Is to be mass-produced on account of a large demand, therefore, it Is Important for the purpose of 
securing ttie largest possible yield of production to attain the efTident production by setting the optimum reaction oon- 

2$ ditions In the Initial stage of the production of the target compound by the reecfion of catalytic gas phase oxidation. 
P003] The interior of the reactor for the catalytic gas phase oxidation, however, is a muttlcomponent system com- 
prising the reaction product in addition to the raw material gas and the mdecular oxygen-contalrting gas. The compo- 
sition in the reactor changes every moment from the time the reaction is started tlli the time the steady state is reached, 
it is generally held that the optimum combination of the three elements, Le. the property of the catalyst, the property 

30 of the explosion range of the reaction gas, and the removal of the heat of reaction, Is impwtant for the reaction of 
catalytic gas phase oxidation. While these thr% elements are easily maintained after the reaction has reached a steady 
operation, it Is extreme difHcuft for the elements to contrd betw^n the time the reaction of catalytic gas phase oxidation 
starts and the time the reaction reaches the steady state. The reason for this difficulty Is that the concentration of the 
raw rnaterial to the interior ofthe reactor Is varied from a low level to a high level, that the amount ofthe heat generated 

3S in consequence of the oxidation reaction is changed in accordance with the fluctuation of the concentration of the raw 
material, and that the other elements which have direct Influences on the reaction of catalytic gas phase oxidation are 
varied in consequence of variations of the elements mentioned above. From the time of starting the reaction tlD the 
time of reaching the steady state, therefore, it Is necessary to seied within the shortest possible <&iration such settmg 
conditions as excel in tfie economy indush^e of the energy of consumption rather by taldng account of the time and 

^ safety required for enabling the reader to acquire the steady state, the amounts 

to be used therefor, and the amount of the energy spent for heating the rawmaterial than by paying foil attenton to the 
effidency of the reaction. Moreover, in the reactor for the catelytic gas phase oxidation erf a rawmaterial compound for 
oxidation fiable to induce an exothermic reaction prone to explosion, it is extremely Important to cany out the leadibn 
under the conditions which warrant safety of a high degree enough to avoid inciting combustton or explosion due to 

^ the relation between tlie raw material and the concentration of oxygen. 

[0004] Since the exptosion range inherent in the reader for the catalytic gas phase oxidation varies with the temper- 
ature, tiie pressure, and the Icind of the inert gas to be used. It is necessary to find the exptosion range by a preliminary 
actual measurement and then proceed to control the reaction so as to avoid the explosion range consequently found. 
The explosion range of the ordinary reactor for the catalytic gas phase oxidation will be described betow with the aid 

50 of Rg. 4. In Fig. 4, the horizontal axis is the scale for the concentration of oxygen and the vertical axis the scale for 
the ooncentnrfon of a raw material to be oxidized and the hatched part is the explosion 

oxygen and the raw material. The lowermost ccHicentration of the raw material in the gas composition forming the 
explosion range is called "the concentration of the lower explosion limit of the raw material to be oxidized* and the 
lowennoet conoentration of oxygen in the gas composition fbmting the expioston range Is called *tiie limiting oxygen 
ss concentration''. In the spedflcalion. With reference to Rg. 4. the pdnt of Intersection of these two concentrations in the 
reader for the cataiytic gas phase oxidation is tncficated by the marie © . When the composition of the feed gas in the 
steady state is indicated by the mari(0 indicating the concentration of the raw material gas to be 4.5 vol. % and the 
concentration of oxygen to be 10 voU %, for exampte. It is safe for the purpose of using the reactor whfle avoiding the 
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explosion range end easy for the adjustment of the composHion of the raw material as well to supply to the reactor a 
feed gas of the composition through the marie © in which the concentration of the raw material gas is 0 vol. % and 
the oonoentration of oxygen is less than the limiting oxygen concentration. It has been heretofore custorrary, therefore, 
to adopt the route in which the concentration of oxygen passes the point © which fells short of the limiting oxygen 
concentration regarding mygen concentration and alter the composition on one straight line of the target composition 
mariced as0. 

[0005] When the reactor Is started up by the conventional method, however, since the reactor prior to starting the 
use thereof is filled with air, it Is necessary for the purpose of lowering the concentration of the oxygen contained In 
the gas supplied to the reactor in the range of ^ess than the limiting oxygen concentratjon" to supply such so-called 
diluting gases as nitrogen gas and carbon dioxide gas in a large amount to the reactor and control the concentration 
of osQrgen. Further, the operation of starting up the reactor does not merely reside In one course leading up to the 
steady state but even embraces in its object the evaluation of the feet that the operations of the reactor and the attached 
devices thereof are canied out safely and stably. It is, therefore, favorable to supply the same amount of the gas to 
the reactor during the course of starting up the reactor as when the reactor is In the steady state, with the result that 
the amount off the diluting gas to be used for controlling the concentration of oxygen will be Increased. The use of the 
diluting gas in a large amount, however, is not economical because this gas is expensive. 
[0006] Incidentally, the reaction of catalytic gas phase oxidation generally entails a step of absorption which aborts 
the target compound included In a reaction gas into an ab6ort)ent and, at the same time, separates an discharged gas. 
The discharged gas which emanates from the absorption column contains nearty no object compound and, after the 
neadton is started in the reactor, the oxygen concentration in the gas changes lower in consequence of the consumption 
of oxygen by the reaction. Thus, after starting the reaction, this discharged gas can be re^^cled to the reactor in the 
place of the diluting gas with a view to saving the diluting ^ to be introduced Into the reactor. On the other hand, the 
control of the concentratton of oxygen cannot be attained with the recycled gas prior to the introduction of the raw 
material to be oxidized. It stai requires supply of the diluting gas in a large amount Even after the introduction of the 
raw material to be oxidized, the replacement of the diluting gas in a large amount with the recycled gas necessitates 
changes and acQustmenls In the relevant flow volumes of such ^ses and. as an inevitable consequerK», elongates 
the duration of the relevant step and enlarges the amount of the diluting gas to be supplied. In this connection, the 
method which evades the wide changes in the flow rate by having the reactor displaced in advance with a diluting'gas 
Is oonoeivBbie. Since this dispiaoement consumes a long time and necessKates supply of tfie diluting gas In a large 
amount, this mettiod does not deserve to be rated as an excellent measure of improvement. 
[0007] All these methods are invariably uneconomical because they require supply of the dDuting gas in a large 
anfKHmt and becaiee the diluting gas they use is expensive. There are methods wWch use steam as a dDuting gas. 
They are lilcewise unfavorable because they require supply of thennal energy In a large amount for the generation of 
the steam. An effort to save the dfluting gas is likewise at a disadvantage in inevitably entailing an elongation of time. 

SUMIi/IARY OF THE INVENTION 

[0008] The present inventor, as a result of studying elaborately the conditions of tiie reactor during the course of 
starting up the operation thereof, has found ttiat by causing the gas containing tiie raw material supplied to ttie reactor 
for oxidation tiierein to pass the range in which tiie concentration of tiie raw material in the composition of the gas is 
less ttian the concentration of tiie lower explosion limit of tiie raw material and tiie concenti^on of oxygen in ttie gas 
is not less than ttie limiting oxygen concentration, it is made possible to decrease ttie amount of a diluting gas supplied 
to the reactor and, even when ttie discharged gas remaining after tiie absorption of the target compound contained In 
the formed gas emanating from the reactor is recycled to tiie reactor, repress tiie variations of the relevant flow rates, 
pemrut prompt startup of ttie reactor, consequentiy decrease the number of operation steps and ttie aiTX)unt of ttie 
diluting gas, and accomplish safe startup off ttie reactor white enabling ttie reaction to avoid the explo^n range. This 
invention has been perfected as a result Specifically, ttie taslcs Implied above are acoompllshed by ttie ffbliowina tens 
(1)and(2). 

(1) In ttie reaction of catalytic gas phase oxidation induced by ttie supply of at least a raw material to be oxidized 
and a molecular oxygen-containing gas to a reactor for the reaction of catalytic gas phase oxidation, a method for 
starting up the reactor, characterized by causing tiie raw material and the molecular ox^en-oonta^ing gas to pass 
a range in which ttie concentration of ttie raw material Is less ttian ttie concenttation of ttie lower explosion limit 
off ttie raw material and the concentration off oxygen is not less ttian the limiting oxygen concentration, but excluding 
the concentration of ttie raw material of 0 vol. %. 

(2) In the process of production including a step for the reaction of catalytic gas phase oxidation induced by sup- 
plying at least a rawmaterial to be oxidized and a molecular oxygen^witalning gas to a reactor for catalytic ^s 
phase oxidation and a step of absorption, a mettiod for preparing a feed gas. characterized by supplying ttie 
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discharged gas obtained at the step of abeorpHon to the reactor thereby causing the concentration of Ihe raw 
material and the concentration of oxygen to fiail in a range In which the concentration of the raw malarial is less 
than the concentration of the tower exploston limit of the raw material arKl the concentration of oxygen is not less 
than the limits oxygen concentration, but exdudingtheconceritrafionoftheFaw rnatertai of 0 vol. %. 

[0009] By causing the gas suppGed to the reactor to pass the range in which the concentration of the raw material 
in the composition of the gas is less than the concentration of tiie lower expio^on Gmit and tfie conoentration of oxygen 
is not less than the imiting oxygen concentration according to the present Invention, it is made posslbie to decrease 
the amount of the diluting gas supplied to the reactor and the thermal energy for acfusting the cffiuting gas and shorten 

10 the duration of the operation of starting up the reador. 

[0010] Further, according to this invention, it is made possible to recycle the gas which fias passed the range men- 
tioned above to the reactor, consequently decrease the amount of the diluting gas, allow effective utilization of the gas 
which has been heretofore discarded, and shorten the duration of the operation erf starting up the reactor. The albre- 
mentioned effect of this Invention can be Implemented safely because the gas composition embraced In the explosion 

15 range can be avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

20 

Rg. 1 is a diagram showing the explosion range In the relation between a raw material to be oxidized and the 
concentration of oxygen in a reactor for the reaction of catalytic gas phase oxidadon and a composition of a feed 
gas supplied to the reactor for starting up acoonJir^ to the present Invention. 

Rg. 2 is a diagram showing the process flow of the method for starting up the reactor of this invention in the 
25 operation of produdng acrylic add by the reaction of catalytic gas phase oxidation, then absorbing the acrylic add 

with an absorption column, and at the same lime recyding a diadiarged gas obtained from the absorption column 
to the reactor. 

Rg. 3 is a diagram showing the explosion range in the relation between the conoentrations of propylene and oxygen 
in the reactor for catalytic gas phase oxidation and a composition of a feed gas Ibr starting up in the worfdng 
30 example. 

Rg. 4 is a diagram shewing the explosion range In the relation t)etween a raw material to be oxidized and the 
conoentration of oxygen In a reactor tor the reaction of catalytic gas phase oxidation and a composition of the gas 
supplied to the reactor for starting up according to the conventional m^hod. 

35 [0012] In the diagram of Rg. 2. 1 stands tor air, 2 for steam. 3 a raw materiai to be oxidized, 4 a t>iower, 5 Ibr a 
reactor, 6 for an at>sorption column, 7 for a solution containing the target sutntanoe, 8 for a discharged gas, 9 for an 
absortient, 11, 12, 13, 14. and 15 each for a poaition for measuring ttie flow rate. 21, 22,23, and 24 each fora flow 
meter, and 31, 32, 33, and 34 each a flow oonlrol valve. 

40 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0013] This invention primarily relates in the reaction of cata^'c gas oxidation induced by the supply of at least a 
rawmaterial to be oxidized and a mdecular oxygen-containing gas to the raactorfbr the reactton of catalytic gas phase 
oxidation, to a m^hod tor starting up the reactor, characterized by causing the raw material and the molecular oxygen- 

45 containing gas to pass a range In which the concentratiw of the raw material In the compoeition of the gas is less than 
ti>e conoentration of the lower explosion limit of the raw materiai and Ihe ooncentraHon of oxygen is not less than ttie 
limiting oxygen concentration, tnit excluding the concentration of the raw material of 0 vd. %. 
[001 4] Generally in the reaction of catalytic gas phase oxidation , the target compound is formed by gasifying the raw 
rr»terial to be oxidized and supplying the gasified raw material together with the molecular oxygen-contairtir^ gas to 

50 the reactor which is padced in advance with an oxidation catalyst. The concentration of the rawmaterial to be supplied 
in the steady state to the reactor Is determined by the acfh<ity of the oxidation cateiyst filling the raactor and the amount 
of supply of tiie raw material supplied per unit time. In contrast, during the course of starting up the rractortor catalytic 
gas phase oxidation, the reaction conditions are varied with ttie concentration of the raw material, the inrw temperature 
of the reador, and the temperature of the heat medium for coding the reactor. It is. therefore, general fill the reaction 

55 conditjons in the steady state are reached to start the supply of ttie gas containing the raw material from the low ievd 
conoentration of ttie raw material in the gas. This invention has originated in the notice talcen of the explosion range 
ddermined by the relation between the ooncentnations of the raw materiai and oxygen in the multioomponent gas 
supplied to the reador and culminated in the discovery that by supplying to the reador a gas of a composiiion in which 
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"the concentration of the raw material to be oxidized is less than the concentration of the lower explosion Bmit and the 
concentration of oxygen Is not less than the limiting oxygen concentration," it is made possible to decrease the amount 
of the diluting gas to be used and the amount of the energy used for adjusting the diluting gas and shortm the duration 
of the operation of starting up the reactor as well. Now, this invention win be described In detail below. 
[001 5} The expression Ihe range in which the concentration of the raw material supplied to the reactor and used for 
oxidation therein is less than the concentration of the lower explosion Omit of a raw material to be oxidized and the 
concentration of oxygen supplied to the reactor is not less than the ooncentiation of the limiting oxygen concentration" 
as used In the present Invention win be explained below with the aid of Fig. 1 . In Fig. 1 , similarly In Fig. 4, the horirontal 
axis is the scale of the concentration of oxygen and the vertical axis the scale of the concentration of a raw material 
to be oxidized and the patched part Is the explosion range. The expression "the concentration of the lower explosion 
limit of the raw material " means the lowest possible concentration of the raw material in the composition of the gas 
fonning the explosion range and, by the same token, the expression "the limiting oxygen concentration" means the 
lowest possible concentration of oxygen in the composition of the gas forming the explosion range. The denominatfon 
•Vol. %" designates the volume % which is determined at the temperature at which the gases are supplied to the reactor 
naspedively. Incidentally, the explosion range can be found by using an explosion limit measuring device developed 
by the U.S. Bureau of Mines or an explosion limit measuring device developed by Kitagawa Research Institute. 
lOOiq It is for the purpose of avoiding the explosion rar^e that the concentration of the raw material is specified to 
be less than the concentration of the lower explosion limit of the raw material. When the concentration of the raw 
material is less than the concentration of the lower explosion limit If the concentration of oxygen set arbitrarily, there 
is no possibility of entering the explosion range. It Is for the purpose of decreasing the amount of the dfluting gas fo be 
used by heightening the concentration of oxygen that the concentration of oxygen is specified to be not lees than the 
limiting oxygen concentration. The concCTtration of oxygen is more preferably to be not less tFran the limiting oxygen 
concentration and not higher than 20 voi. %. Since the concentration of oxygen contained in the air is about 20 vol. %, 
the fact that the concentration of oxygen Is made to exceed this particular level, 20 vol. %, is rather at a dirad^^ntege 
in merely resulting in increasing the amount of oxygen to be supplied. In the gas component to be supplied to the 
reactor, the gas other than the raw material and the molecular oxygen-containing gas will be refened to as "diluting 
gas" herein. Tills inventton permits use of the conventional gas component as the diluting gas. 
[0017] In F^. 1, the composition of the lieed gas to be supplied in the steady state to the reactor is Indicated by the 
point ® which represents the concentration of the gas of the raw material, 4.5 vol . %, and the concentration of oxygen, 
1 0 vol. % . In this Invention, the gas of the oorrposition having the concentration of the raw material and the concentration 
of oxygen included in the dotted part of Fig. 1 1s supplied to the reactor during the course of starting up the reactor, 
without reference to the steady state of the reactor. As the gas of the composition tell^g withfri this range, the gas of 
a composition of the point ® which has 0.01 vol. % as the concentration of the raw material and 18 vol. % as the 
concentration of oxygen, for example, can be supplied to the reactor. 

[001Q In the composition of the gas suppTied to the reactor according to this invention, the gas to be supplied to the 
reactor has a higher oxygen concentration than the level prevalent conventionally In the composition. Thus, the degree 
of decrease in the amount of the diluting gas supplied to the reactor becomes extremely large. To be specific, the air 
which has an oxygen concentration of about 20 vol. % is generally used as the molecular oxygen-containing gas. When 
the oxygen ooncentratfon Is set at a oonvenUonaily present level of 9 vol. % In the compo»tion of the gas supplied 
to the reactor, therefore, it becomes necessary to use the diluting gas In compensating the gas for the difference in 
conoentnation, x, from the concentration in the air, found by soMng the equation, (20 + x}/(100 + x) = 9/100, i.e. x = 
12.1 (vol. %)- In contrast therewith, this invention, in fonning the composition of® . h only required to use the diluting 
gos in compensating the gas for the difference, x, found by solving the equation, (20 + x)/(100 + x) = 18/100, i.e. x = 
2.4 (vol. %). This invention, therefone, is allowed to decrease the amount of the diluting gas to be used during the 
course of starting up the reactor to less than one-fifth as compared vwth the conventional method. Thus, the effect 
brought about by this invention is ^ctremely large. 

[0010] Next, for the purpose of effocting a switch to the composition of ® , the amount of the molecular oxygen- 
containing gas to be supplied is decreased to lower the concentration of oxygen. Further, for the purpose of simutte- 
neously heightening the ooncentralfon of the raw material, the amoirt of the raw material to be supplied for oxWatlon 
is Increased. Since the amount of the gas supplied per unit time to the reactor is preferred roughly to equal the amount 
in the steady state, the totel amount of the gas is adjusted by increasing or decreasing the amount of the diluting gas 
to be suppfied. it is consequently made possible to attein easy adjustment of the concentration of the gas to be suppHed 
and, at the same time, permit supply of the gas to the reactor in the same amount as during the steady stete of the 
reactor, and rate the conditions of operation of the reactor such as the teaicage of the ^s from the reactor. 
[0020] During the course of storting up the reactor, after the composition of the gas supplied to the reactor has passed 
*the range in which the concentration of the raw material is less than the concentration of the lower explosion limit of 
the raw material and the concentration of oxygen is not less than the Omiting oxygen concentration," this invention 
allows the concentration of the raw material and the concentration of oxygen to be freely setected within the range not 
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including the explosion range. Subsequentfy to the oompoeHion of (2) > for example, the composition is made to reach 
the point <D at which the concentration of the raw material is 2 vol. % and the concentration of oxygen 10 vol.%. 
Thereafter, the composition is adjusted to the point (S) , namely the oomposition of the gas suppDed during the steady 
state to the reactor. In which the oonoentration of the raw material 184.5 vol. % and the concentration of oxygen 1 0 vd. %. 

s [0021] After the point (S) in Fig. 1 has been passed. It Is allowed to select the conditions which have a lower oxygen 
concentration than the conventionally prevalent level as in the composition in which the oonoertlration of the raw material 
is 3 vol. % and the oonoentration of oxygen Is 6 vol. % (position ® of oompositfon). Espedalfy when the discharged 
gas from other step or other plant Is iJt'lized as specifically descrit}ed herein t)elow, the cortcentration of oxygen may 
be low, depending on the composition of the discharged gas. Even in this case, the amount of the dihjiing gas to be 

10 used may be lowered below the conventionally preval^t level by making ^fectlve use of the discharged gas. 

[0022] As regards the acfustment of the composition of the gas to i>e supplied to the reactor, it suffices to increase 
the amount of the raw material supplied for oxidation for the purpose of heightening Ihe concentration of the raw 
material, for ^cample, or to decrease the amount of the molecular oxygen-containing gas to be suppOed for the purpose 
of decreasing the conc en trat i on of oxygen. For the purpose of fixing the amount of the gas supplied per unit time to 

t5 the rBBdor, the amount of tf)e gas may be adjusted by increasing or decraasing the amount of tiie cfiluting gas to be 
supplied. 

[0023] As described above, this invention attains the decrease in the amount of the diluting gas by clarifying the 
explosion range existing during the course of starting up the reactor and« particularly with respect to the concentration 
of oxygen, using trie oxygen at a concentration of not less than llmiUng mygen concentration. By supplying the gas of 
20 e composition falling in this range to the reactor, ft is made possible to attain such contraction of the duration of racyding 
the discharged gas generated at tlie subsequent step and such decrease In the diluting gas as have never t>een fulfilled 
to date. Now, the mettiod for recycling the gas wNch otTtained from the step of producing the target corrpound by the 
reaction of catalytic gas phase oxidation will be descrt>ed below 

[0024] General^, when the raw material is subjected to the reaction of catalytic gas phase oxidation, many kinds of 
^ by-products are formed besides the target substance. Thus, the resultant reaction mbcture is purified at the subsequent 
step so Isolate the target substance. As a preliminary step to thte purification, the target substance in the reaction gas 
is absort)^ into an at)sort>ent and the residue of the gas Is discharged from an at>sorption column, ^nce the gas 
discharged at the step of absorption entrains substantially no target compound and also has a low oxygen concentra- 
tion, it can be ^fectively ufilized in the plaoe of a diluting gas. 
^ [0025] The method of this invention for starting up the reactor, as applied to a process of procfciction which includes 
a step of absorption subsequently to the step of reaction of catalytic gas phase oxidation, is therefore capable of starting 
up the reactor by supplying to the reactor tiie cfischarged gas obtained from this step of absorption In combination with 
the raw material and the molecular oxygen-containing gas. 

V^02S\ As a concrete example of this step of ak>5orption, the step which consists in absorbing at least the target 

^ compound from the reaction gas obtained by the reaction of the catalytic gas phase oxidation. For the absorption of 
tiie target compound, the method which comprises causing Ihe reaction gas to contact an absorbent for the absorption 
of the target compound thereby recovervig the target compound in the absort}ent as well as tiie method which corrprises 
cooling Ihe reaction gas to a level below the condensing point of tiie target compound thereby separating tiie target 
compound as a solution or a solid is available. The method which brings an absoribent or a gas containing a component 

40 capable of reacting with the target compound Into contact with the reaction gas thereby atiaining separation of a target 
compound derivative may be used instead. In any event, such metiiods are invariably required only to separate the 
component of the reaction gas other than the target compound in the form of a gas. This Invention particularly prefers 
to recycle the gas obtained from the step of absorption which foiiows the step of performing the reaction of catalytic 
gas phase oxidation In the process for the production of (meth)acryllc add. The reaction of catalytic gas phase oxidation 

46 of (me1h)acrylic acid is exothermic by nature, the gas Is heated In advance of being suppOed to the reactor to a tem- 
perature which ma the property of the catalyst In use. Further, since tiie gas fonned by the reaction has a high tem- 
peratura. the step of absorption which advances this reaction gas Into countarflow contact with the at>sorbent dischvg- 
es a gas at a high temperature. Thus, the reclamation of the thenna! energy can be attained by using the discharge 
gas of high temperature emanating from the step of absorption for starting up the reactor. 

so [0027] As one concrete example of Ihe method for recycling the discharged gas from the step of absorption, ttie 
method which comprises obtelning acrylic add by supplying propylene as the raw material to the reactor for the reaction 
of catelytic gas pliase oxidation and supplying ttie acrylic add to an acryGc acid absorption column and consequently 
recovering ttie acryiic add In ttie absorbent and, at the same time, recydlng the gas discfiarged ttirough the top of 0ie 
absorption column to the reactor Ibr catelytic gas phase oxidation will be described below with the aid of Fig. 2. 

95 [0028] In the diagram of Rg. 2, 1 stands for air, 2 for steam, 3 for propylene as the raw material to be oxidized, 4 for 
a blower, 5 for a reader for catelytic gas phase oxidation, 6 for an absorption column, 7 for an acrylic add-containing 
sdutfon, 8 for discharged gas, 9 for an absort^ent, 11, 12, 13, 14, and 15 each for a position for measuring the flow 
rate. 21, 22, 23. and 24 each for a flow meter, and 31, 32, 33, and 34 each for a ilowcontrolvaive. The reaction tubes 
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buiK in the reactor are filled with a catalyst for catalytic gas phase oxidation. 

[0029] Rrst, at the time of starting the use of the reactor, the interior of the reactor Is adjusted to atmospheric pressure 
with the air which has an oxygen concentration of 20 vol. %. In this invention, the concentration of oxygen at which the 
air is supplied Is contrciled with a flow meter and a flow control valve which belong to each of the relevant lines. TTie 
concentration of the propylene at which the propylene is supplied as the raw material is set in a range in which the 
concentration of propylene, vol. %, is less than the lower explosion limit of propylene and the concentration of oxygen, 
vol. %, is not less than the limiting oxygen concentration. When the amount of the gas supplied per unit time is so set 
as to equal Itie amount of the gas in the reactor in the steady state, the concentration of oxygen, the concentration of 
the raw material, and the amount of the gas supplied per ura't time to the reactor can be easily adjusted by controlling 
the amount of the steam supplied as the diluting gas with the flow meter and the flow control vaive attached to the 
relevant line. Incidentally, the steam is supplied as heated with a heating device (not shown) which is similarty attached. 
[OOaO] Next, the gas containing air, steam, and the raw material which has been supplied to the reactor is oxidized 
with the catalyst occupying the Interior of the reactor to form acrylic add as the target compound. The reaction gas 
which contains this acrylic acid is supplied to the absorption column. The absorption column, for the purpose of ab- 
sorbing the acrylic add obtained from the reactor, introduces the absort>ent through the top of the column and advances 
it Into counterflow contact with the acrylic add containing gas from the reactor. Thereafter, it delivers the acrylic add 
solution via the bottom of the column to the subsequent step. TTie remainder of the gas is discharged through the top 
of the absorption column. This invention recydes the discharged gas from this absorption column to the reactor. During 
the course of starting up the reactor, the absorption column possibly fails to opiate on account of the insuffidency of 
the concentration of the raw rraterial supplied to the reactor for oxidation. Even In this case, the gas obtained from the 
absorption column can be recyded to the reador. This nedamation vwirrants effective utilization of the raw material, 
air, and dfluting gas contained in the discharged gas and permits the thermal energy owned by the discharged gas to 
be recycled. Particularly since the reactor can be saf&ly started up even when the concentration of oxygen is not less 
than the concentration, vol. %. of the limiting oxygen ooncentration, the greater part of the discharged gas from the 
absorption column can be recyded to the reador and the ratio of recycle of the thermal energy can be exalted to an 
extremely high degree. 

10031] When the discharged gas from the step of absorption Is supplied to the reador and utilized for starting up the 
reador, since the composltton of the discharged gas from the step of absorption varies with the changes in the con- 
centration of the raw material and the ooncentration oxygen to be supplied to the reactor, it becomes necessary to 
analyze the composition of the discharged gas at proper intervals and adjust the amount of each gas supplied to the 
reador based on the result of the analysis. 

[0032] Specifically, the gas to be supplied to the reador Is adjusted so as to assume an optimum composition by the 
use of a flow meter and a flow control valve provided for each One and a gas component analyzer (not shown) opb'onaily 
disposed therein. The adjustment of the concentration off propylene as the raw material Is oontrdled with a flow meter 
and a flow control valve attached to the line for propylene and the a<qustmen(t of the amounts of air and steam to be 
suppDed is controlled with a flow meter and a flow control valve similarty provided in the relevant line. Particularly since 
the discharged gas generated at the step of absorption has the composition thereof varied with the land, quantity, and 
temperature of the absoft>enl, it becomes necessary when the gas is recycled to the reador to control properly the 
flow of the raw material and the flow of oxygen through the respective feed lines according to the information on the 
concentration of the raw material and oxygen in the gas . When it is difficult to control the concentration of the raw 
material and the concentratfon of cncygen on account of the quality of the discharged gas, the diluting gas such as 
steam or nitrogen gas is further supplied for the purpose of adjusting the respedive concentrations to the optimum 
levels and also adjusting the respective amounts of supply per unit time. 

[0033] In starting up the reador as contemplatBd by this invention, the conditions heretofore icnown to the art may 
be adopted as the conditions other than the composition of the gas to be suppOed to the reador. TTie conditions of 
absorption including the con^positlon, amount of supply, and temperature of the absort)ent in the absorption cdumn, 
the amount of supply and temperature of the reaction gas, and the pressure in the absorption column are such as to' 
permit appropriation of an/of the relevant conditions laiown to the art 

[0034] When the method of this invention for starting up the reador is incorporated in the process for the production 
of acrylic add as described above, it is made possible by supplying a gas containing oxygen In a heretofore Impracti- 
cable concentration to the reador to cut the amount of the diluting gas to be supplied and the energy to be Inevitably 
spent In adjusting the diluting gas, permit the discharged gas from the absorpbon cdumn to be utilized without any 
waste, and consequently decrease the amount of the diluting gas to be used. Further, even when the discharged gas 
of this nature Is recyded, the reador can be started up safely and promptly. 

[0035J The method for produdng acrylic add has been described heretofore. It Is made possible by using isobutylene 
instead as the raw material to be supplied to the reactor to produce methacrylic add. 

[0036] The reador for catalytic gas phase oxidation which fornis the objed of the method of this invention for starting 
up a reactor does not need to be particularty discriminated on account of the shape of the reador and the kind of the 
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catalyst used in filling the reactor but is only required to Induce the reaction of catalytic gas phase oxidation between 
a raw matenal to be oxidized and a molecuiar oxygen-containing gas through the medium of the catalyst filling the 
reactor. Thus, a shell-and-tube type reactor having accommodated in the sheD thereof a multiplictty of reaction tubes 
packed with a catalyst may be cited as a concrete example of the reactor under (fiscussion. 

s [0037] Then, the raw material to be oxidized Is a raw material which is si4>piied to the reactor for the purpose of 
obtaining a target substance or an intemiediate thereof by the reaction of catalytic gas phase oxidation. Various com- 
pounds can be used as raw materials, depending on the target substances. When acrylic add, methacrylic add, ac* 
rolein, phthaiic add, and maleic acid are selected as target compounds, for example, propylene, propane, acrolein, 
Isotxitylene, methacrolein, xylene, naphthalene, benzene, and tnjtane may be used as the rawmateriais. Then, air is 

10 a typical example of the mdecular oxygen-containing gas. 

[0030] This invention provides a method which is at an unusually high advantage in enabling a reactor to be started 
up stably, economically, and promptly while retaining the safety of the reactor during the course of starting up the 
operation thereof. 

IS Examples 

[0030] Now, this invention will be described more specifically below with reference to worfdng examples to be adduced 
herein below. 

20 (Example 1) 

[0040] An apparatus Ibr the production of acrylic add illustrated In Fig. 2 was used. Under the following conditions, 
a raw material to be oxidized, air. and a discharged gas from an absorption column were recycled to the reador to 
initiate a reaction of catalytic gas |>hase oxidation therein. The reador was a shell-end-tube type reactor made of steel 
^ and measuring 25.0 mm in Inside diameter and 29.0 mm in outside diameter and lumlshed with 11500 reaction tubes. 
TTie shell of the reador was a cylinder 4400 mm in inside diam^er. Each of the reaction tubes was packed with 1520 
cc of a reaction catalysL 

[0041] The reador was set under target operating conditions, i^. a concentration, 4.5 vd. %, of propylene and a 
concentration, 1 0.0 vol. %. of oxygen at the inlet to the reador on the condition of avoiding use of a diluting gas other 
30 than steam and the recycle gas dtecharged from an absorption column and then the reactor was started up. By tiie 
measunement made prior to the start of the reaction, the concentration of propylene at the lower explosion limit was 
Ibund to be 2 vol. % and the Bmtting oxygen corx»ntration wm found to be 10.2 vd. % (in the propyiene-oxygen- 
nitrogen system) at the temperature under the pressure both set in advance. The purity of the propylene supplied to 
the reactor was 99^ vd. %. 

^ [0042] The concentration of propylene at the inlet to the reactor was gradually Inoeaaed. A: 0 vd. %, B: 2 vol. %, 
and C: 3 vd. %, by contrdDng the flow rate of air, steam, propylene, and dischar^ recyde gas through their respective 
lines with flew mders and flow oontrd vadves attadied to the respective ii^ 

gas, steam, arxi propylene and the concentration of oxygen at the inlet to the reactor necessary for attairy ng the target 
operating conditions (OP) were measured at the respective rdevant pdnts. The amounts of steam consumed till the 

^ points were reached were also measured. The results are shown in Table 1 . In this table, the flow rate of air. disdtarged 
recyde gas, steam, and propylene and the total flow rate of gas were reported in the denomination of Nrh^Anln, the 
concentration of oxygen at the inl^ to the reactor was reported in vd. %, and the amount of steam consumed was 
reported In Kg. Consecpjently, the amount of steam consumed was found to be about 2J5 tons and the duration of 
starting up the reactor to be about 2.5 hours. Fig. 3 shows the changes in the concentration of propyler)e (vd. %) arTd 

^ the concentrardon of oxygen (vd.%) at the inlet to the reador found in Exanipiesl to 3 and Comparative Examples 1 
and 2. 



[Table 1] 
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discharged 


of steam 


propylene 


rate of gas 


of oxygen at 


steam 






(11) 


recyde gas 


(13) 
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A 


303.0 


204.1 


36.0 


0.0 


338.0 


16.2 


845 


B 


296.3 


206.9 


35.0 


6.7 


338.0 


10.0 


1222 



*-. Ttte "Fkiw rats of alT Includes the flow rate of me tlschargeti recyde gas. 
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P"abte 1] (continued) 





Flow rate 
of air • 


Row rate of 
discharged 
recyciB 9^ 
(12) 


Row rate 
of steam 


Row rate of 

propylene 

(14) 


Total flow 
rate of gas 
(15) 


r^r>nf*ontm'lif>n 
■woi III auvi 1 

of oxygen at 
inlet to reactor 


Mfnouni oi 

steam 

consumed 


c 


293.0 


201.8 


35.0 


iOJO 


338.0 


6.0 


1509 


OP 


322.9 


182.2 


0.0 


15.1 


338.0 


10.0 


2494 



The "Row note or air Includes the flow rate of the dlscliargediec^ 



(Example 2} 

[0043] The reactor was started up by following the procedure of Example 1 while omitting the use of steam as a 
fluting gas and adjusting the ccmposftion of the gas supplied to the reactor with the flow rate of the discharged recycle 
gas. The results are shown in Table 2. Consequently, the amount of steam oonsumed was tound to be 0 and the 
duration of starting up the reactor to be about 3.5 hours. 



Fable 2) 





Flow rate 
of air* 
(11) 


Row rate of 
discharged 
recycle g^ 
(12) 


Row rate 
of steam 
(13) 


Row rate of 

propylene 

(14) 


Total flow 
rate of gas 
(15) 


Concentration 
of oxygen at 
inlet to reactor 


Amount of 

steam 

consumed 


A 


333.8 


246.8 


0.0 


0.0 


338.0 


17.9 


0 


B 


331.3 


248.4 


0.0 


6.7 


338.0 


10.0 


0 


C 


328.0 


242.8 


0.0 


10.0 


338.0 


6.1 


0 


OP 


322.9 


183.2 


0.0 


15.1 


338.0 


10.0 


0 



^ ITie Tlow lata of ar Incluctes the fk>w rate or the (Ss^ 



(Example 3) 

[0044] The reactor was started up by following the procedure of Example 2 while changing the flow rate of the dis^ 
charged recycle gas at the point C. The results are shown fri Table 3. Consequently, the amount of steam consumed 
was found to be 0 and the duration of starting up the reactor to be about 3.5 hours. 



ITabie3] 





Row rate 
of air* 
(11) 


Row rate of 
discharged 
recycle gas 
(12) 


Row rate 
of steam 
(13) 


Row rate of 

propylene 

(14) 


Total flow 
rate of gas 
(15) 


Concentration 
of oxygen at 
Inlet to reactor 


Amount of 

steam 

consumed 


A 


333.8 


246.8 


0.0 




338.0 


17.9 


0 


B 


331.3 


248.1 


0.0 


6.7 


338.0 


10.0 


0 


C 


328.0 


218.6 


0.0 


10.0 


338.0 


10.0 


0 


OP 


322.9 


182.7 


0.0 


15.1 


338.0 


10.0 


0 



*: The "Row rate of an* iiHdudeetheflowiatoofthecfiacharBedre^degas. 



(Comparative Example 1) 

[0045] The reactor was started up in the same manner as in the convenfional method, with the concentration of 
oxygen kept at less than the limiting oxygen concentration. The results are shown in Table 4. Consequently, the amount 
of steam oonsumed was found to be about 23.1 tons and the duration of starting up the reactor to be about 7 hours. 
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nabie4] 





Flow rate 
of air* 

(11) 


Flow rate of 
discharged 
recycle gas 
(12) 


Flow rate 
of steam 
(13) 


Row rate of 

propylene 

(14) 


Total flow 
rate of gas 
(15) 


Concentration 
of oxygen at 
Inlet to reactor 


Amount of 

steam 

consumed 


A 


183.0 


150.0 


155.0 


0.0 


338.0 


9.5 


3741 


B 


248.3 


150.0 


83.0 


6.7 


338.0 


9.7 


17526 


C 


268.1 


150.0 


59.8 


10.1 


338.0 


9.8 


20191 


OP 


322.9 


182.3 


0.0 


15.1 


338.0 


10.0 


23068 



^ The Tlow iBto of ail" indudes the flow i«tB of Iho disch^^ 



(Comparative Exarrple 2) 

[0046] The reactor was started up lyy following the procedure of Comparative Example 1 while omitOng the operation 
of recycling the discharged gas from the at)sorptlon column during the process of starting up the reactor. Tlie results 
are shown In Table 5. Consequently, the amount of steam consumed was found Id 37.0 Ions and the diration of 
starting up the reactor to be about 7 hours. 



[Table 5) 





Flow rate 
of air* 
(11) 


Flow rate of 
discharged 
recycle gn^ 
(12) 


Flow rate 
of steam 
(13) 


Row rate of 

propylene 

(14) 


Total flow 
rate of gas 
(15) 
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steam 
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A 


148.0 


0.0 


190.0 


0.0 


338.0 


9.0 


4585 


B 


155.5 


0.0 


175,7 


6.7 


338.0 


0.4 


8792 


C 


159.3 


0.0 


168.5 


10.1 


338.0 


9.7 


10786 


OP 


322.9 


182.6 


0.0 


15.1 


338.0 


10.0 


36798 



^ The fate of aJT Includee the flovr rate Gf me dtocfianse^ 



[0047] In the specification, substituent groups given in parenthesis are optional. Thus the temi "(meth) acrylic acid" 
Includes both acrylic add end methacrylic add. 



Claims 

1. In the reaction of catalytic gas phase oxidation induced by the supply of at least a raw material to be oxidized and 
a molecular oxygen-containing ^s to a reactor for the reaction of catalytic gas phase oxidation, a m^hod for 
starting up the reactor characterlzad by causing said raw rrater^ and saki molecular oxygen-containing gas to 
pass a range In which the ooncentralion of said raw material b less than the con c e n tr a tion of the lower explosion 
limit of said raw material and the ooncentration of oxygen Is not less than the IMting oxygen concentration, but 
excluding the concentration of said raw material of 0 vd. %. 

2. A method according to dalm 1 . wherein the process of production including a step of absorption subsequently to 
the step fbrthe reaction of catalytic gas phase oxidation requires the discharged gas emanating from said step of 
absorpiton to be supplied to said reactor in combination with said raw material and said mdecular (»cygervcon- 
taininggas. 

3. A method according to daim 1, wherein said raw material is propane, propylene, acrolein, teobutytene and/br 
methacrddn. 

4. In a process of production induding a step for the reaction of catalytic gas phase oxidation Induced by supplying 
at least a raw material to be oxidl^ and a molecular o)^gen<ontalning gas to a reactor for catalytic gas phase 
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oxktelion and a step of absorption, a method for praparing said feed raw material, characterized by supp[ying the 
discharged gas obtained at said step of absorption to said reactor thereby causing the concentration of said raw- 
material and the concentration of oxygen to fail in a range in which the concentration of said raw material is less 
tten the concentration of the lower ^cploston Bmlt of said raw material and the concentration of oxygen is not less 
^ than the limiting oxygen concentration, but excluding the concentratfon of said raw material of 0 vol.%. 

5. A process for starting up a reactor for the catalytic gas phase oxidation of a raw material with a molecular oxygan- 
containing ^s. characterlzad by maintaining the concentratiOT of raw material supplied to the reactor at a level 
below the lower explosion limit, whilst maintaining the concentration of the molecular oxygen-containing gas at a 

10 level not iessthan the Omiting oxygen concentration. 

6. A process as claimed in daim 5, wherein the concentration of the raw material is maintained at a level between 
0% by volume, based on the total volume of gas supplied to the reactor, and the lower explosion IMt of said raw 
material. 



IS 



2S 



30 



35 



7. A process as claimed in claims 5 or 6, wherein the concentration of the molecular oxygen-containing gas Is mah- 
tained at a level between the limiting oxygen concentraton and about 20 % by volume oxygen, based on the 
totrf volume of gas supplied to the reactor. 

20 a. A process as dairned in dairns 5, 6 or 7. wherein the molecular oxygen-conta^^^ 

S- A process as claimed In ary one of dalms 6 to 8. which further comprises supplying a diluent gas to the reactor, 
so as to maintain the concentration of the raw material and the molecular oxygen<ontaining gas withfri the desired 



10. A process as daimed in cialm9, wherein the diluent gas is pre^ieated prior to being supplied to the reador. 

1 1 . A prcx^ess as daimed in daims 9 or 10. wherein the diluent gas is wr^e gas from an absorption column, pr^erably 
from an absorption column in series with the reactorto absorb the products of the oxidation reaction. 

12. A process for the catalytic gas phase oxidaton of a raw nrmterial with a moiecular <»cygen-containing gas, which 
comprises a process of starting up a catalytic gas phase oxidation reador as claimed in any one of daims 5 to 11 . 

13. A process as daimed in daim 12, wherein, after starting up the reador but prior to reaching steady state operating 
conditions, the concentration of the raw material is increased, whiist the concentration of the molecular-contaming 
gas is decreased to a minimum value below the iinrtiting oxygen concentration. 



14. A process as claimed In daim 13, wherein the concentration of the raw material is incra^ed to a maximum value, 
whilst the concentration of the mdecular oxygenKX>ntainlng gas fe incre^ed from said minimum vabe but mdn- 
40 tained below the Omlting oxygen concentration, to reach steady state operating conditions. 
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